Abstract. Surface water, as the largest part of water resources, plays an important role on China's agricultural production and food security. And surface water is vulnerable to climate change. This paper aims to examine the status of the supply reliability of surface water irrigation, and discusses how it is affected by climate change in rural China. The field data we used in this study was collected from a nine-province field survey during 2012 and 2013. Climate data are offered by China's National Meteorological Information Center which contains temperature and precipitation in the past 30 years. A Tobit model (or censored regression model) was used to estimate the influence of climate change on supply reliability of surface water irrigation.
Introduction
Surface water, as the largest part of water resources, plays an important role on China's agricultural production and food security. China's surface water is 2.63 × 10 12 m 3 , containing almost 96.7 % of the total water volume. There are 48.4 % provinces whose surface water supply contains more than 90 % of the total water supply. And the share of provinces that surface water supply contains more than 70 % of the total water supply is even 67.7 %. Only 12.9 % provinces that surface water supply is less than 50 % of the total water supply (NBSC, 2015) .
Surface water is vulnerable to climate change. Human activities and climate change first influence moisture and heat transfer, and then influence precipitation and temperature variations and change patterns (Trenberth et al., 2003; Hao et al., 2007; Piao et al., 2010; IPCC, 2014) . These changes, through impacts on evaporation and surface runoff, could greatly alter land surface water balance in turn (Hao et al., 2007; Prowse and Belataos, 2006; IPCC, 2014) . During recent 60 years ), China's surface runoff decreased remarkably. For instance, river runoff in six large river basins presented a declining trend, they were Hai, Yellow, Liao, and Songhua in northern China, and Yangtze and Pearl in southern China (Wang et al., 2017) . The onset of daily drying-up occurs more frequently and earlier than before and the period of zero flow also lengthens (Long et al., 2006) . Even some river basins (e.g., Hai and Yellow) have changed from open to closed ones in some years, which negatively influenced the ecological environment (such as causing biodiversity degradation, atrophy and sea water intrusion) (Wang et al., 2016) . Besides researches about the past reality, there are also many prediction studies on relationship of climate change and surface water resources. For instance, Zhang and Wang (2007) predicted an overall increase of river runoff over China (7.5 % in B1 scenario by 2100, and 9.7 % in A1 scenario). And in the Yellow River basin, annual runoff will increase by 11 % in A2 scenario and by 5 % in B2 scenario. In Shanxi Province, by 2030, with temperature gradually increasing, there will be less surface water resources than in 2010, but the overall trend is stable. By 2050, the influence of the temperature will increase more than that of precipitation, except for the regions of Taiyuan and Yangquan, in other parts of Shanxi, surface water resources will generally reduce (Hao et al., 2007) . Supply and demand balance of water resources affected greatly by climate change will further affect agricultural production. In Haihe River in China, by 2030, changes of water resources balance will cause wheat irrigated area decreasing by 6.9 %, wheat raining area increasing by 19.9 %, and wheat yield decreasing 1.2 % (Wang et al., 2013) . But all the prediction studies on relationship of water resources and climate change are greatly sensitive to biases of climate projections used in the selected models (Piao et al., 2010; Hao et al., 2007; Zhang and Wang, 2007; Wang et al., 2013) .
Not only the quantity but also the quality of surface water is influenced by climate change (Xia et al., 2010 (Xia et al., , 2012 Zhang et al., 2009) . Through affecting process of biochemical reaction rate, the ecological effect, the rise of temperature or migration type of water pollutants, the changes of wind speed, light duration and radiation enhancement can directly or indirectly impact on water environment (Dalla et al., 2007; Delpla et al., 2009; Wilby et al., 2006) . Such as temperature rising affects the eutrophication of lake sediment and water pollutants in secondary interpretation (Lamon et al., 2009) . Vanvliet (2008) quantified the influence of drought event on water quality of Meuse River in Western Europe in 1976 and 2003 . Results showed that, compared with normal years, the concentration of NH + 4 , NO − 2 and Chlorophyll A respectively increased 1.9, 1.3 and 1.2 times. Precipitation and natural runoff decreasing, temperature increasing caused by climate change were helpful to increase the concentration of Ca 2+ and Mg 2+ in the Yellow River (Xia et al., 2012) .
Besides climate change, irrigation infrastructure also plays an important role on the use of surface water for irrigation. Poor construction of rural irrigation infrastructure was one of the mayor reasons for increasing serious drought in agricultural production in China (Wang et al., 2013; Chen et al., 2012; Yang et al., 2012 , Jia, 2016 ). Investment on villagelevel irrigation facilities is helpful for increasing farmers' income (Ma, 2008) . Thankfully, construction of irrigation and water conservancy facilities has been paid great attention in recent years. By 2010, there were 87 873 reservoirs and 5795 irrigation districts that are more than 10 000 µ (MWR, 2011). Investment on irrigation infrastructure has increased by 27 times in the past 60 years (from CNY 700 million in 1958 to CNY 19.5 billion in 2009) (MWR, 2011) . Compared with other water conservancy facilities investment, the irrigation infrastructure investment is still far not enough (Ma, 2008) . Even in 2009, the share of irrigation infrastructure investment on the total water resources investment is only 10 % (MWR, 2011) .
Despite more and more scholars begin to study the impacts of climate change or irrigation infrastructure on surface water supply, empirical analysis on this aspect is still very limit. In terms of the supply reliability of surface water irrigation, there are few works that address status of it, especially with data from large scale village survey and associating it with climate change. As for irrigation infrastructure, researches mainly focus on supply or requirement desire of irrigation infrastructure (Wang, 2015; Zhu and Wang, 2014; He and Guo, 2010) . Few studies combine irrigation infrastructure and supply reliability of surface water irrigation, let alone under changing climate condition.
So with research limitation of this filed, our study focused on the following questions: how much reliable of surface water irrigation supply in rural area in China? Whether climate change influences the supply reliability of surface water irrigation? If yes, how can we quantify this influence? What is the relationship between the supply reliability of surface water irrigation and irrigation infrastructure?
In order to find answers of the questions above, the rest of this paper is organized as follows. Section 2 introduces the data used in this study. Section 3 displays local climate situation, and describes rural irrigation infrastructures and supply reliability of surface water irrigation. Econometric analyses in Sect. 4, including the influence of climate variables, rural irrigation infrastructures and other factors on the supply reliability of surface water irrigation. The final section concludes.
Sampling approach and data

Field survey data
The data we used in this study was collected from a nineprovince field survey during 2012 and 2013. The nine provinces contain six Northern provinces (Hebei, Henan, Shandong, Jiangsu, Anhui and Jilin) and three southern provinces (Jiangxi, Guangdong and Yunnan). Based on local water resources, climate condition and economic development level, the nine provinces are firstly collected from the whole nation, and then the following strategies were taken to select samples.
First, in each province except for Jiangxi (10 counties) and Guangdong (6 counties), randomly selected three counties. After selecting the counties, we invited local experienced water conservancy workers to stratify all townships of the three counties into three groups according to their rural water infrastructure: above average, average, or below average. And then we randomly selected one township from each of the three groups and randomly chose three villages from each of the selected townships. Finally, 330 villages in 37 counties in 9 provinces were selected. Since we only analyze the supply reliability of surface water irrigation in this study, we Y. Li and J. Wang: Supply reliability of surface water irrigation in rural China: effects of climate change 91 just kept villages that use surface water for irrigation. So, the samples used in the study are 256 villages in 94 towns, 37 counties and 9 provinces. The sample distribution of this study is summarized in Table A1 in the Appendix.
The survey contains a three-year (2010, 2011 and 2012 ) and three-level (town, village and household) data collection. 1 In terms of this study, we mainly use village level questionnaires. A most important point was the supply reliability of surface water irrigation, meaning that whether farmers who needed irrigate their crops using surface water could get enough water and in a timely fashion. If the response was "yes", we define surface water supply for irrigation to be reliable; otherwise, it was seen as being unreliable. Specifically, in the survey, we asked village leaders that, in each of the past 3 years (2010) (2011) (2012) , what percentage of irrigated crop-sown areas could not get surface water when needed. 2 In addition to the information on the supply reliability of surface water irrigation, following information was collected: (i) Village socio-economic characteristics: such as total cultivated land and number of population in the village. (ii) Village physical characteristics: such as topography (plain or mountain) and soil type (sand, clay or loam). (iii) Rural irrigation infrastructures: such as whether irrigating by the following kinds of water sources: large reservoir, middle reservoir, small reservoir, tubewell, pool, river or pump.
Secondary climate data
In the study, climate data are offered by China's National Meteorological Information Center. We assume that both temperature and precipitation were homogenous within the county, so we use county level climate data. However, in the 37 sampled counties, only 23 counties contain national meteorological stations. In order to obtain relative climate data for other counties, we use the spatial interpolation method proposed by Thornton et al. (1997) . More details about secondary climate data introduction can be seen in another paper of our team (Li, 2017) .
1 Not all villages used surface water for irrigation in all 3 years (2010-2012), although we have 256 villages totally, some villages did not irrigate by surface water during 2010-2012 and we have not included these villages into our analysis; therefor, there are 256 villages in the analysis for 3 years and the total sample is 762, but not 256 · 3 = 768. 2 We ask village leaders the following question: In your village, when crops need surface water irrigation, how much percentage of irrigated crop sown areas that could not get sufficient and timely surface water supply during 2010-2012? Based on this information, we can get indicator of the supply unreliability of surface water irrigation (share of irrigated crop-sown areas having access to an unreliable surface water supply), then using 1 to minus this number and we can get the indicator of the supply reliability of surface water irrigation. All variables' descriptive statistics are displayed in Table A3.
3 Climate change in the past 30 years and supply reliability of surface water irrigation
Climate change in the past 30 years
What is the characteristic of climate change for sample area in long run? Figure 1a reflects the trend of average temperature 3 changes of nine provinces related in this research in the past 30 years. Remarkably, there is an increasing trend and it is statistically significant (the method of significance test is t-test). This in fact is highly consistent with many other scholar's study results, for instance, Ding et al. (2006) pointed that temperature has a most remarkable increase in recent 50 years. In our sample area, the annual average temperature increases about 0.6 • in the past 30 years. What' more, fluctuations of annual average temperature are apparent, which reflects that the inter-annual temperature changes are very intensive. In regard to annual total precipitation, changes are not obvious. As shown in Fig. 1b , the average annual total precip-itation changes appear slightly upward trend and it is statistically insignificant. But the fluctuation of it is much more remarkable, which implies that the inter-annual variability of precipitation may be obvious for a long time.
Rural irrigation infrastructures of surface water irrigation
As shown in Table 1 , distributions of rural water infrastructures are different by province. Totally, there are 34.2 % villages using one water source, 50.3 % using two water sources, 14.9 % using three water sources and only 0.5 % using four water sources. Specifically, in Jilin Province, all sample villages are using two water sources for irrigation. In Henan Province, there are 90.6 % villages that using two water sources and others are all using one water source. Situation in Hebei and Shandong is similar. While in Jiangsu, villages that using one water source (82.2 %) are much more than that using two water sources (17.8 %). For Guangdong and Yunnan, numbers of water sources farmers use are 1 to 3. For Jiangxi and Anhui, numbers of water sources farmers use are 1 to 4, although percentages of villages using four water sources are only 1.1 and 1.8 % respectively. More details about distributions of water sources in sample regions of this study are displayed by Table A4 .
Supply reliability of surface water irrigation
Through Table 2 we can see that, on average the total reliability of surface water is 74 %. Jilin, Henan and Jiangxi own relatively higher reliability with 91, 85 and 83 %. The worst appears in Yunnan, with 48 % only; and next is in Hebei, with 50 %. For other four provinces (Shandong, Jiangsu, Anhui, Guangdong), the supply reliability of surface water irrigation is among 72-76 %. Besides, through the past 3 years, data shows that in total sample, there exists a little fluctuation of the supply reliability of surface water irrigation with changes from 75 to 71 % , and then from 71 to 76 %. In terms of each province, Jiangxi appears a remarkable fluctuation with the supply reliability of surface water irrigation changing from 85 to 76 %, and then from 76 to 87 % during the past 3 years. The reason for this remarkable fluctuation is that, in 2011, in almost 70 % area in Jiangxi it happened drought damage. So the supply reliability of surface water irrigation in 2011 decreased greatly. Similar but slighter fluctuation also appears in Anhui and Henan. What's more, there appears a remarkable rising trend in Yunnan, with the supply reliability of surface water irrigation changing from 42 % in 2010 to 54 % in 2012. But in Jiangsu, a slightly decreasing trend can be seen with the supply reliability of surface water irrigation changing from 80 % in 2010 to 73 % in 2012. For other four provinces (Hebei, Shandong, Jilin and Guangdong), the supply reliability of surface water irrigation appears no obvious inter-annual changes.
Econometric model and estimation results
Specification of econometric model
In this study, we specify the following four econometric models to better identify and quantify the impacts of different factors on the supply reliability of surface water irrigation:
In the four models, i and j indicate the ith village in the j th county, and the dependent variable W ij are all the same. Here W ij measures the share of irrigated crop-sown areas having reliable surface water supply.
We included similar independent variables on the right side of the four models. (i) C ij is a set of climate variables. For Model 1 and Model 2 we use annual climate variables (average annual temperature, average annual temperature squared, annual total precipitation and annual total precipitation squared), and for Model 3 and Model 4, we use seasonal climate variables (Spring/Summer/Fall/Winter temperature and precipitation, and their squared term). Considering the possible relationship between temperature and precipitation, this study also included interactive variables into Model 2 and Model 4; (ii) treating the variable whether irrigating by more than two kinds of water sources as baseline, I ij contains the following 0-1 irrigation variables: irrigating by two kinds of water sources, irrigating only by large reservoir/middle reservoir/small reservoir/tubewell/pool/river/pump; and (iii) V 1−4ij is a set of five variables that measure village characteristics: whether the soil type is sand (1 = yes; 0 = no) and whether the soil type is clay (1 = yes; 0 = no)(the baseline is loam); landform (1 if the village is located in plain, 0 otherwise) (we predict that plain is a better geographical condition than mountain for getting surface water), arable area per person (ha) and population (we assume that the two variables are related to water demand and then influences water reliability).
The models also include a set of dummy variables P i to control for the impact of regional characteristics that do not change over time but might affect water reliability. Leaving one of them, Yunnan province, as the default category, each model has eight province dummy variables. Besides, in the four models, β 1 − β 4 , ∂ 1 − ∂ 4 , λ 1 − λ 4 , and ϕ 1 − ϕ 4 are the parameters to be estimated; α ij , ω ij , θ ij and δ ij are the constant. ε ij , ij , ζ ij and µ ij are random error terms, and are all assumed to be subjected to independent identical distribution.
Tobit model (or censored regression model) are used to estimate the determinants of the supply reliability of surface water irrigation in this study. More introductions about Tobit model can be found in another paper of our team (Li, 2017) . Total sample  74  75  71  76  Hebei  50  50  50  50  Henan  85  86  85  84  Shandong  70  70  71  69  Jilin  91  91  91  92  Anhui  72  70  69  77  Jiangsu  76  80  74  73  Jiangxi  83  85  76  87  Guangdong  73  73  73  72  Yunnan  48  42  47  54 Data sources: Authors' survey.
Estimation results
All four models above perform well. The pseudo R 2 values of the four Tobit models are among 0.1361-0.2067, which are reasonably high values for multivariate analysis based on cross-sectional data. Moreover, among all the models, the signs of most climate variables, rural irrigation infrastructures and other control variables were statistically significant and also highly consistent with our expectation.
Influence of annual temperature and precipitation on the supply reliability of surface water irrigation
Estimation results show that, average annual temperature was statistically insignificant at the 10 % level (Table 3) . But for annul total precipitation, the first degree term is positive and significant, and the quadratic term is negative and significant in the model without interactive variable. And the turning point is 1667 mm which means that as to the result of the model without interactive variable, when the quantum of rainfall is less than 1667 mm, the supply reliability of surface water irrigation will be increased with increasing precipitation, and otherwise, the supply reliability of surface water irrigation will be decreased with increasing precipitation. However, with interactive variable, the first degree term is positive and significant, but the quadratic term is negative and insignificant, and the coefficient of the climate interactive variable is negative and significant. This indicated that after considering the correlation between temperature and precipitation, if both temperature and precipitation increase simultaneously, the supply reliability of surface water irrigation will be significantly reduced. Or in other words, even having higher precipitation, if the temperature is also higher, the supply reliability of surface water irrigation will be lower. What's more, keeping the constant of other factors, if we consider the interactive and non-interactive variables together, we can get the separate impacts of annual temperature or precipitation on supply reliability of surface water irrigation. As shown in Table 5 , increasing temperature by 0.5 • will reduce the supply reliability of surface water irrigation by 1.1 % (reducing from 62.4 to 61.3 %). If the temperature continues to increase, the supply reliability will be further reduced. In the future, if the temperature increases by 2 • , the supply reliability will be reduced by 3.8 % (reducing from 62.4 to 58.6 %). Besides, increasing precipitation will result in increase of supply reliability. For example, when precipitation increases by 10 %, the supply reliability can be increased by 4.6 % (increasing from 62.4 to 67.0 %), when precipitation increases by 25 %, the supply reliability can be increased by 10.7 % (increasing from 62.4 to 73.1 %), when precipitation increases by 50 %, the supply reliability can be increased by 17.0 % (increasing from 62.4 to 79.4 %). However, reducing precipitation by 10 % will result in reduction of supply reliability by 5.3 % (reducing from 62.4 to 57.1 %), reducing precipitation by 25 % will result in reduction of supply reliability by 14.7 % (reducing from 62.4 to 47.7 %), and reducing precipitation by 50 % will result in reduction of supply reliability by 28.6 % (reducing from 62.4 to 33.8 %). In summary, on the average, temperature is negatively related with the supply reliability of surface water irrigation; but precipitation positively influences the supply reliability of surface water irrigation.
Influence of seasonal temperature and precipitation on surface water supply reliability
As to seasonal climate variables, let's first discuss temperature variables. For spring temperature, the first degree term is negative and significant, the quadratic term is positive and significant (Table 4) . So, the impact of spring temperature on the supply reliability of surface water irrigation presents a u-shape. And the turning point is 14.4 • /11.7 • in the model without/with interactive terms. This means that the change trend of marginal effect is first downward (when temperature is below 14.4 • in the model without interactive terms or 11.7 • in the model with interactive terms) and then becomes upward (when temperature is beyond 14.4 • in the model without interactive terms or 11.7 • in the model with interactive terms). Similar analysis can be done in terms of winter temperature. Specifically, the impact of winter temperature on the supply reliability of surface water irrigation presents an inverted u-shape. And the turning point is 7.9 • /0 • in the model without/with interactive terms. Maybe this is the reason why when we treat average annual temperature as independent variables in annual climate models (Table 3) , it is statistically insignificant. As temperature in spring and winter has opposite influence on the supply reliability of surface water irrigation, they offset each other. In terms of seasonal precipitation variables, expect summer precipitation, other three seasonal precipitation variables are all statistically significant, not only the first de- gree term but also quadratic term. Specifically, for spring and fall precipitation, the first degree terms are negative and quadratic terms are positive, which means that the relationship of the two displays a U-shape. For winter precipitation, the first degree term is positive and quadratic term is negative, which means that there was an inverse U-shaped relationship between the two. Specifically, the turning point of spring precipitation is 812.5 mm in the model without interactive terms or 783.8 mm in the model with interactive terms, higher than 393.6 mm (the average spring precipitation in Table A3 ), so the marginal effect of spring precipitation is negative. In other words, there was a negative correlation between spring precipitation and supply reliability of surface water irrigation. Similarly, the turning point of winter precipitation is 250.0 mm in the model without interactive terms or 267.9 mm in the model with interactive terms, higher than 131 mm (the average winter precipitation in Table A3), so there was a positive correlation between spring precipitation and supply reliability of surface water irrigation. As to fall precipitation, the turning point is 390 mm in the model without interactive terms or 327.8 mm in the model with interactive terms, and the average fall precipitation is 211. 9 mm (in Table A3 ), so, when fall precipitation is lower than 211.9 mm, the relationship of fall precipitation and supply reliability of surface water irrigation is positive, otherwise, the relationship of fall precipitation and supply reliability of surface water irrigation is negative.
Influence of rural irrigation infrastructure and other control variables on the supply reliability of surface water irrigation
Results of four models show that, based on irrigating by more than two kinds of water sources, the coefficients of most other rural irrigation infrastructure are statistically significant with negative sign. This means that, most rural irrigation infrastructures are playing statistically significant roles in the supply reliability of surface water irrigation. And among all of them, the role of the water source, more than two kinds of water sources, is a most obvious one. Specifically, the coefficient of two kinds of water resources is statistically significant in each model. And the coefficients are −0.123, −0.116, −0.119 and −0.122 respectively in four models (Tables 3  and 4) . This means that, in the case of all other conditions remaining unchanged, compared with irrigating by more than two kinds of water sources, if farmers irrigate by two kinds of water sources, the share of irrigated crop-sown areas having reliable surface water supply will decrease by 11.6-12.3 %. Similarly, if farmers irrigate by large reservoir/river/pump, the share of irrigated crop-sown areas having reliable surface water supply will decrease by 8.1-11.1/10.5-12.4/24.2-25.2 %. Besides, different from all water infrastructures discussed above, the roles of middle reservoir, small reservoir and pool in the supply reliability of surface water irrigation are statistically insignificant. The coefficients of middle and small reservoirs are positive, and the coefficient of pool is negative. This probably means that, compared with more than two water sources, middle reservoir and small reservoir are playing more significant roles and pool is playing a less significant role in the supply reliability of surface water irrigation, but these results are statistically insignificant. Or this maybe indicates that, keeping all other conditions unchanged, compared with irrigating by more than two kinds of water sources, irrigating by middle reservoir, small reservoir or pool, farmers' share of irrigated crop-sown areas with reliable surface water supply has no significant difference. What's more, some physical and socio-economic conditions of villages are also closely related to the supply reliability of surface water irrigation. For instance, in terms of population, its coefficients in all models are all negative and statistically significant with small numerical value. Specifically, with all other conditions unchanged, if increase one person in one hectare, the supply reliability of surface water irrigation will decrease by about 0.2 %. Besides, in annual climate models, the coefficients of arable area per person are both positive and statistically significant at the 10 % level. Maybe this is because that, surface water usually can concentrate to supply with large quantity, so, when we assume other conditions unchanged, if arable area per person increase, the share of irrigated crop-sown areas having reliable surface water supply will not decrease but increase. What's more, in models with seasonal climate variables, the coefficients of whether the soil type is sand are both negative and statistical significant at the 10 % level. With other conditions unchanged, comparing to villages with loam, the supply reliability of surface water irrigation of villages with sand, will decrease about 5.1 % in the model without interactive terms or 5.2 % in the model with interactive terms (Table 4) . And the supply reliability of surface water irrigation of villages with clay (comparing to villages with loam) will decrease 4.0 % in the model without interactive terms or 4.4 % in the model with interactive terms (Table 4) .
Finally, the supply reliability of surface water irrigation also differs by province, especially in models with annual climate variables. As shown in Table 3 , leaving Yunnan Province as baseline, the coefficient of each other province is statistically significant, except Guangdong province. But for models with seasonal climate variables, except Jilin Province, the coefficient of each other province is statistically insignificant (Table 4) .
Conclusion
Based on nine-province large-scale field surveys in China, this study mainly examines the status of current surface water supply reliability and identifies how climate change and rural water infrastructures influence it.
Firstly, through descriptive analysis, we conclude: on average the total reliability of surface water is 74 %. Jilin, Henan and Jiangxi own relatively higher reliability with 91, 85 and 83 %. The worst appears in Yunnan, with 48 % only. And there exists a little fluctuation of the supply reliability of surface water irrigation in the past 3 years.
Secondly, through estimation results of econometric models, we conclude: (a) Average annual temperature was statistically insignificant, as temperature in spring and winter has opposite influence on the supply reliability of surface water irrigation, they offset each other. But as for annul total precipitation, supply reliability of surface water irrigation will be increased with increasing precipitation. However, after considering the correlation between temperature and precipitation, if both temperature and precipitation increase simultaneously, the supply reliability of surface water irrigation will be significantly reduced. (b) In the future, keeping the constant of other factors, increasing temperature by 0.5 • will reduce the supply reliability of surface water irrigation by 1.1 %. At the same time, when precipitation increases by 10 %, the supply reliability can be increased by 4.6 %, when precipitation increases by 25 %, the supply reliability can be increased by 10.7 %. Reducing precipitation by 10 % will result in reduction of supply reliability by 5.3 %, reducing precipitation by 25 % will result in reduction of supply reliability by 14.7 %. (c) In terms of seasonal precipitation variables, expect summer precipitation, other three seasonal precipitation variables are all statistically significant, not only the first degree term but also quadratic term. Specifically, there was a negative correlation between spring precipitation and supply reliability of surface water irrigation. There was a positive correlation between spring precipitation and supply reliability of surface water irrigation. When fall precipitation is lower than 211.9 mm, the relationship of fall precipitation and supply reliability of surface water irrigation is positive, otherwise, the relationship of fall precipitation and supply reliability of surface water irrigation is negative.
Thirdly, compared with irrigating by more than two kinds of water sources, if farmers irrigate by two kinds of water sources, the supply reliability of surface water irrigation will decrease by 11.6-12.3 %. Similarly, if farmers irrigate by large reservoir/river/pump, the share of irrigated crop-sown areas having reliable surface water supply will decrease by 8.1-11.1/10.5-12.4/24.2-25.2 %.
Finally, some physical and socio-economic conditions of villages are also closely related to the supply reliability of surface water irrigation. And the supply reliability of surface water irrigation also differs by province, especially in annul climate models.
Data availability. The underlying research data in the paper contains field data and secondary climate data. The field data in this study was collected by our research team from a nine-province field survey during 2012 and 2013. The nine provinces contain six Northern provinces (Hebei, Henan, Shandong, Jiangsu, Anhui and Jilin) and three southern provinces (Jiangxi, Guangdong and Yunnan). Based on local water resources, climate condition and economic development level, the nine provinces are firstly collected from the whole nation, and then the following strategies were taken to select samples. Climate data are offered by China's National Meteorological Information Center. Both the two kinds of data are confidential to the public. Total  100  100  100  100  100  100  100  100  100  100 Note: others contain rain gutter, fountain and sewage disposal. Data sources: Authors' survey.
